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bstract
This paper presents an experimental work to design and size a diesel generator (DG). The basic system is equipped with a 1.5 kW
elf-excited induction generator (SEIG), a diesel motor (DM), a static voltage compensator (SVC) and controllers. A proportional
ntegral controller is used to meet the requirement of the SEIG frequency regulation. A controlled voltage source is performed by
sing an SVC with a fuzzy controller, which adjusts voltage by varying the amount of the injected reactive power. An experimental
et-up is used to identify the SEIG parameters and select the convenient bank of capacitors that minimize the SEIG starting up time
nd fix the convenient margin of voltage. The system has been tested by simulation using models implemented by Matlab/Simulink
oftware. The simulation results confirm the efficiency of the proposed strategy of voltage regulation.
 2016 Electronics Research Institute (ERI). Production and hosting by Elsevier B.V. This is an open access article under the CC
Y-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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.  Introduction
The design process of DG requires the selection and sizing of its components. SEIG appears to be the right candidate
o generate an electric power for remote areas applications (Dheeraj et al., 2009; Gao et al., 2010; Kostic´, 2012; Ouchbel
t al., 2012; Lan et al., 2015; López et al., 2011; Maleki and Askarzeda, 2014; Updhyay et al., 2014). It is robust, and
here is an absence of a separate DC source for excitation. It is a simple of construction, reliable, efficient, and rugged,
rush-less rotor construction with an ease of maintenance. Moreover we are dealing with high power density (W/Kg)Please cite this article in press as: Taoufik, M., Lassad, S., Experimental stand-alone self-excited induction generator driven by
a diesel motor. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.08.005
nd a self-protection (Faria et al., 2006; Kishore et al., 2006; Elhafyani et al., 2006; Ouchbel et al., 2010; Seyoum
t al., 2002). The terminal voltage and frequency are affected by the prime mover speed, the bank of capacitor value,
nd the load profile (Mohamed et al., 2014; Chauhan et al., 2010). The SEIG exhibits poor voltage regulation. Various
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314-7172/© 2016 Electronics Research Institute (ERI). Production and hosting by Elsevier B.V. This is an open access article under the CC
Y-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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schemes like short shunt and long shunt configurations, saturable core reactors, switched shunt capacitors, SVC and
voltage or current source converter based static compensator (STATCOM) are done for achieving improved voltage
regulation (Ahmed et al., 2004, 2005; Dalei and Mohanty, 2015; Singh et al., 2004). The stability analysis, control and
diagnostic of DG need accurate modeling of its main components. The d-q  axis based on conventional model is used
to analyze the transient behavior (Kumsuwan et al., 2008; Sharaf-Eldin et al., 2004). The design process of the voltage
regulator for the SEIG is implemented in two phases. Firstly, the voltage control strategy is developed to permit SEIG
to operate as a stand-alone generator supplying any type of load. Then this controller is implemented after calculating
parameters. A prototype is built for experimentation. The International Electro technical Commission (IEC) 60038
standard is the result of an international agreement aimed at reducing the number of voltage values for power supply
system, electric power networks, load installations and equipment. IEC specifies a global unique value normalized
230 V/400 V. The Tolerance range is limited to ±10%. The line frequency is 50 Hz. The configuration of the system is
presented in Fig. 1.
The system components are a DM, a SEIG, a capacitor bank, a SVC and two separated loops, the first adjusts the
frequency related to the diesel motor speed, the second adjusts the voltage related to the reactive power injected.
2.  Test  bed  conﬁguration
A test execution platform is used to identify the system components parameters and experiment the operation, it is
represented in Fig. 2. A separately excited DC motor SEDCM (Table 1) is used as a prime mover, a SEIG (Table 2), aPlease cite this article in press as: Taoufik, M., Lassad, S., Experimental stand-alone self-excited induction generator driven by
a diesel motor. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.08.005
capacitor bank, SVC and equipment’s for control.
Fig. 2. The operated system.
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Table 1
SEIG parameters.
Rated power 1.5 kW
Rated voltage vs 230 V
Rated current IN 3.4 A
Rated speed ΩN 157 rad/s
Pole pairs P 4
Rotor resistance Rr 4.46 
Stator resistance Rs 1.042 
Stator inductance Ls 392.5 mH
Rotor inductance Lr 392.5 mH
Table 2
DC motor parameters.
DC supply voltage VDC 220 V
Rated armature current Ian 9 A
Rated field supply 220 V/0.6 A
Rated speed ΩN 157 rad/s
Armature resistance Ra 1.4 
Armature inductance La 27 mH
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uFig. 3. Per-phase equivalent circuit of SEIG.
.1.  The  analysis  and  modeling  of  a  self-excited  induction  generator
The equivalent electric circuit shown in Fig. 3 is developed for the aim of gaining insight into the SEIG operation.
n this circuit, Rs and ls represent stator resistance and stator leakage inductance, Rr respectively and lr denote the rotor
esistance and rotor leakage inductance, R  resistance stands for core losses, Lmn represents the nominal magnetizing
eactance and g denote the slip factor.
The DC test, the no-load test and the blocked-rotor test on a SEIG are realized to measure, to identify and to
alculate the equivalent circuit parameters (Trinadha et al., 2004). The parameters values given in the equivalent circuit
re Rs = 4.64Ω, Rr = 1.042Ω, ls =  lr =  20.35 mH, Lmn = 372 mH. The magnetizing reactance is a nonlinear function
f (Gunawan et al., 2015). By using matlab simulink polyfit function we can define (1).
Lm =  −1.580−11V 4s +  0.510−8V 3s −  0.52−5V 2s +  1.080−3Vs +  0.3534 (1)
apacitive self-excitation is a well-known phenomenon for SEIG (Nesba1 et al., 2015). The minimum terminal capacitor
equired for induction generator at a rated speed and a rated load is equal to 20 F as it is shown in Fig. 4.
The no-load SEIG is driven at a rated speed. Both line to neutral voltage and the starting-up time are affected by
he value of capacitors. Figs. 4 and 5 represent the obtained experimental results.
When the excitation capacitance is less than 20 f, the DG losses the residual voltage. The machine is completely
emagnetised and the self-excitation cannot be re-established and when it is more than 40 F the generator will operatePlease cite this article in press as: Taoufik, M., Lassad, S., Experimental stand-alone self-excited induction generator driven by
a diesel motor. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.08.005
t a higher voltage level than its rating. To minimize the starting up time shown in Fig. 6, a large value of capacitance
s required at the starting up. Fig. 6 represents the experimental voltage waveform of a stator phase during the starting
p period with a voltage scale factor 1/100 for the adapter, a voltage scale 1 V/div and a time scale 1 s/div.
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Fig. 4. SEIG line-neutral stator voltage (C).
20 25 30 35 40
0
5
10
Capacitance(µF)
St
ar
tin
g-u
p t
im
e(s
)
Fig. 5. Starting-up time (s).
Fig. 6. Stator SEIG voltage.
Fig. 7. Variation of V(P) with variable C.Fig. 8. Stator SEIG voltage.
The prime mover speed is 1500 rpm. The SEIG is connected to a six switches 1.5 kW compact resistive-load, a bankPlease cite this article in press as: Taoufik, M., Lassad, S., Experimental stand-alone self-excited induction generator driven by
a diesel motor. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.08.005
of capacitor C  = 42.7 F or C  = 31 F. The experimental results are shown in Figs. 7 and 8.
The power produced depends on capacitance value and the voltage decreases when the active power produced
increases. Fig. 8 shows the impact of variable profile load.
When the load demand is more than the power produced, the SEIG is demagnetised as shown in Fig. 9.
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Fig. 9. Stator SEIG voltage.
Table 3
Diesel engine parameters.
Actuator gain constant kg 1
Actuator time constant τg(s) 0.125
Engine torque constant kdc 1.15
Engine delay time τdc(s) 0.5
Plant and fly wheel acceleration J (kg m2) 0.3
(
t
2
t
T
φ
a
2
v
R
a
w
iFriction coefficient β (kg m/s) β (kg m s) 0.1
The measures carried out show that the SEIG generated voltage depends on three variables: speed, field of excitation
bank of capacitors), and load profile. Those relations are nonlinear. At a constant speed and a constant field of excitation
he generated SEIG voltage varies when the load varies.
.2.  Diesel  engine  model
The DG parameters are indicated in Table 3. The model of the governor is described by relation (2); it is a device
hat receives a control signal Sgc and provides fuel flow φ
φ(p) = kg
1 +  τgpSgc (2)
he expression of the developed torque Cde of the diesel engine is described by relation (3); it’s related to the fuel flow
 adjusted by the governor. The process of combustion introduces a delay time τde (Canever et al., 2001; Jayaramaiah
nd Fernandes, 2006).
Cde =  kde · φ(p)e−τdep (3)
.3.  Static  voltage  compensator
A Static voltage compensator (SVC) is a device that exchanges capacitive or inductive current in order to maintain
oltage magnitude constant (Savic and Durisˇi, 2014). The considered SVC corresponds to a TCR (Thyristor Controlled
eactor) as shown in Fig. 1. The expression of the reactive power QSVC injected by the SVC is adjusted by firing delay
ngle according to Eq. (4):
QSVC = U
2
XC
+ U
2
XC1
− U
2
XL1(α)
(4)
here U  at SVC  connection point is the voltage being controlled, XL total inductance, Xc capacitor reactance. The totalPlease cite this article in press as: Taoufik, M., Lassad, S., Experimental stand-alone self-excited induction generator driven by
a diesel motor. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.08.005
nductance can be expressed by Eq. (5).
XL1 (α1) =
πXL1
2π  −  2α  +  sin 2α (5)
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Fig. 10. Reactive power injected.Fig. 11. Diesel motor speed control.
The range of the reactive power injected QSVC is determined by Eq. (6).
U2
Xc
+ U
2
Xc1
− U
2
XL
≤  QSVC ≤ U
2
Xc
+ U
2
Xc1
(6)
The inductive injected power by an inductance of 1.4 H at a frequency of 50 Hz and a nominal voltage 400 V is
represented in Fig. 10.
2.4.  SEIG  frequency  regulation
The control philosophy used to regulate the SEIG frequency is on the controlled supply rate of the fuel flow φ. As
shown in Fig. 11 there is a control loop. The control loop forces the diesel motor speed Ω  to follow the reference speed
Ωref. Therefore, the DM speed is sensed and its magnitude is compared with the reference voltage magnitude. The
voltage error is processed in the PI controller that generates an electrical signal Sgc. The governor receives the control
signal Sgc and provides a fuel flow φ. The fuel flow φ  adjusts the developed torque Cde consequently the diesel motor
speed is variable.
2.5.  Voltage  regulation
A fuzzy logic controller is used to alleviate the problem of voltage regulation for DG, by acting the SVC andPlease cite this article in press as: Taoufik, M., Lassad, S., Experimental stand-alone self-excited induction generator driven by
a diesel motor. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.08.005
injecting the needed reactive power. There are two inputs of fuzzy control. Input parameters error ε  = Vref −  Vdc and its
derivative dε/dt  = (Vref −  Vdc)/dt  are used to generate the necessary duty cycle to inject the convenient reactive power
as shown in Fig. 12.
Fig. 12. Reactive power injection.
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Fig. 13. Inputs and outputs membership functions.
Table 4
The rule table.
The error 
N Z P
dε N NB PM PB
Z NB Z PM
a
f
a
T
3
m
f
i
S
A
s
fP Z NM Z
Trapezoidal and triangular member ship functions are presented in Fig. 13 and denoted by N (Negative), Z (Zero)
nd P (Positive) are used for both the error and its derivative. For the output signals, fives triangular membership
unctions denoted by NB (Negative Big), NM (Negative Middle), Z (Zero), PM (Positive Middle), PB (Positive Big)
re used. The elements of this rule base table are related to ε  and dε  as represented in Fig. 4.
Big errors need big voltage step. However, small errors need fine control, which requires fine input/output variables.
he rule table is obtained as shown in Table 4, with error and change in error as inputs.
.  Simulation  results
The simulation in this work has been developed under Matlab/Simulink environment. A DM is used as a prime
over. The command of the DM is based on the speed equal to 1500 rpm required by the SEIG to provide a 50 Hz
requency generator. This value is computed as a reference SEIG frequency term. The DM speed waveform is shown
n Fig. 14. The combustion process introduces a delay time τde equal to 0.5 s. The DM speed goes toward its target of 1.
The proposed root-mean-square voltage profile is described by the scenario given in Fig. 15. The command of the
EIG system is based on the AC voltage required by the load equal to 240 V. This value is computed as a reference
C-bus voltage term.
The SEIG rms voltage converges toward its target with a delay time of 2 s due to combustion delay time and SEIGPlease cite this article in press as: Taoufik, M., Lassad, S., Experimental stand-alone self-excited induction generator driven by
a diesel motor. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.08.005
tarting-up voltage as shown in Fig. 16. The provided voltage tracks the reference value.
Fig. 17 shows the voltage waveform of the SEIG stator phase including the transient self-excitation process. The
requency is equal to 50 Hz and the required voltage is being tracked.
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Fig. 14. Diesel motor speed.
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Fig. 15. Voltage profile.
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Fig. 16. SEIG rms voltage.
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Fig. 18. Load profile.
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Fig. 19. SEIG voltage.
In the second part the proposed load profile is described by the scenario given in Fig. 18. The Resistive Load consists
of wire-wound 1.5 kW power resistors arranged in three identical groups. Each group can be switched on or off withPlease cite this article in press as: Taoufik, M., Lassad, S., Experimental stand-alone self-excited induction generator driven by
a diesel motor. J. Electr. Syst. Inform. Technol. (2016), http://dx.doi.org/10.1016/j.jesit.2016.08.005
toggle switches to obtain various resistance values. This allows the total (equivalent) resistance of each group to be
increased or decreased by steps. The three resistor groups can be connected separately for operation in three-phase
circuits.
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The SEIG rms voltage converges toward its target with a delay time. The presented analysis results demonstrate
hat the controller guarantees robust stability under load variations as presented in Fig. 19.
.  Conclusion
This paper describes a work that leads to the development of an overall characteristics for a diesel generator. Three
ests were done to identify the circuit parameters, the steady-state and dynamics characteristics of SEIG. From the
xperimental work it is observed that the prime mover speed, capacitance value and the load profile influence both the
ynamic and steady-state behavior. Voltage regulation in SEIG needs an adjustment of capacitance bank in case of
onstant speed prime mover or both in other cases. The developed system satisfies voltage and frequency criteria. The
eveloped voltage regulators present good results.
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